The purpose of this study was to determine the subjective and quantitative donor-site morbidity after removal of a free vascularized fibula flap for autoreconstruction. Ten patients and six age-matched, healthy control subjects were included in this study. The postoperative periods ranged from 6 to 87 months. Subjective donor-site morbidity was assessed with a patient questionnaire and the Enneking system. For quantification of donor-site morbidity, gait was evaluated during normal walking, walking under visual and cognitive constraints, and walking at a velocity higher than the preferred one. In general, the patient perception of donor-site morbidity was low. Complaints were frequently mentioned, however, including pain (60 percent), dysesthesia (50 percent), a feeling of ankle instability (30 percent), and inability to run (20 percent). Gait analyses revealed that patients walked at a lower preferred velocity, compared with control subjects. Furthermore, they demonstrated significant increases in the coefficients of variation of stride time during walking under visual and cognitive loads and during walking at a velocity higher than the preferred one, compared with normal walking. These increases were not observed for control subjects. These findings suggest that the reautomatization of gait is affected among patients. This study demonstrates that fibula harvesting is associated with low subjective morbidity but frequent complaints. Walking during complex tasks and at high velocities reveals that restoration of gait is not complete after partial fibulectomy. (Plast. Reconstr. Surg. 111: 2237, 2003 The free vascularized fibula flap is widely used for mandibular reconstruction.
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1 Approximately 25 cm of the diaphyseal portion of the fibula can be resected with a long peroneal artery and vein, leaving remnants of bone proximally and distally for joint stability. A skin flap can be included in the dissection. In comparison with other osteocutaneous flaps, the fibula flap has several advantages for oral implantation. A great bone length can be harvested, with a consistent bone shape, adequate bone height, segmental blood supply, and flexible skin island. 2 In addition to these recipient site advantages, it is important to examine the consequences of fibula resection for the donor site. Several studies assessed this donor-site morbidity, using questionnaires or impairmentoriented analyses. In these studies, morbidity was considered low for the majority of patients. [3] [4] [5] [6] [7] [8] [9] [10] However, whether the evaluation of impairments after partial fibulectomy provides adequate predictions for daily functioning can be questioned; postoperative disabilities should be studied instead.
Mulder et al. 11, 12 presented a task set to function as a disability-oriented assessment procedure. They argued that motor recovery should not be studied solely by analyzing output characteristics, because adaptive strategies (visual or conscious control) are thus neglected. The degree of visual and cognitive involvement in motor performance provides information on the reautomatization process, because these control strategies are used in suboptimal situations to maintain output constancy. In accordance with this presumption, optimal functional performance after fibulectomy can be defined as walking free from disproportional visual and cognitive dependency. This independent form of mobility is a prerequisite for many daily activities. We used this disabilityoriented concept, focusing on gait under visual and cognitive constraints, to evaluate donorsite morbidity after fibula resection. [11] [12] [13] Furthermore, we investigated the effects of higher walking velocities, because difficulties with fast walking or running have been described. 6 In addition to the quantitative analysis of donorsite morbidity after fibula resection, subjective complaints were evaluated.
PATIENTS AND METHODS
During the period from 1993 to 1999, 19 patients underwent fibula resection in the Department of Plastic and Reconstructive Surgery, University Medical Center Nijmegen. Ten patients (six male, four female) were included in our study (Table I) .
Exclusion criteria were tumor recurrence or the use of more than one (type of) osteocutaneous flap; five patients had died. Six agematched healthy subjects (two male, four female; median age, 54 years; range, 26 to 59 years) were included as control subjects. The control subjects had no neurological or motor disorders and were not performing extreme exercises in their jobs or hobbies, similar to our patient group. Informed consent was obtained from all participating subjects.
Subjective donor-site morbidity after fibulectomy was determined with a questionnaire. Patients were asked whether they experienced pain (graded on a visual analogue scale), difficulties or limitations in walking, and restrictions in daily activities after fibula harvesting.
The questionnaire also surveyed sensibility disturbances, stiffness or instability in the ankle or knee, and contentment with the donor site aesthetics. A total morbidity score was developed by using a point system (Table II) , which was an adapted form of the evaluation system described by Enneking et al. 14 The patients were evaluated with this standardized system for functional evaluation after limb salvaging and ablative procedures for treatment of musculoskeletal tumors.
A previously published method was used to evaluate gait objectively. 13, 15, 16 All subjects walked on a treadmill at their preferred speed, under three conditions. Thin insole foot switches were used to detect heel strike and toe-off. First, walking took place under baseline conditions (i.e., with no constraint). Second, the subjects walked while performing an attention-demanding concurrent task (i.e., the auditory task described by Stroop) . 17 This task involved a voice speaking the words "high" or "low," in either a high or low pitch. The subjects needed to determine at what pitch the word was spoken, regardless of the word itself. Third, vision was restricted with special eyeglasses. The lower half of these glasses was covered, to prevent the subject from glancing at the feet while walking. Finally, gait was analyzed during walking at 125 and 150 percent of the preferred walking speed under baseline conditions.
For each walking condition, measurements were obtained during a period of 100 seconds. For each condition, the mean stride time was determined as an average of at least 20 steps, using signals derived from insole foot switches. 18 The coefficient of variation (SD/mean ϫ 100 percent), as a measure of step-to-step variability, was calculated for stride time. The Wilcoxon matched-pairs signed ranks test and the Mann-Whitney U-Wilcoxon rank sum W tests were used for statistical analyses.
RESULTS

Subjective Analysis
In general, the patients' perceptions of donor-site morbidity after fibula harvesting were low (median score, 18.5; range, 5 to 20), relative to the total score for each patient (Table   III) . However, complaints were frequently mentioned, including occasional pain (60 percent), sensory disturbances (50 percent), a feeling of ankle instability (30 percent), and restriction in running (20 percent (Table III) . Both of these patients experienced frequent pain at the donor site. Moreover, one of them reported being disabled in daily life. The cosmetic appearance of the donor site was satisfactory for most patients.
The patients were also assessed with the functional evaluation system described by Enneking et al. 14 (Table III) . The ratings of our point evaluation system and the Enneking system were correlated (Spearman correlation coefficient, 0.75; p Ͻ 0.05).
Quantitative Analysis
Quantitative analysis first revealed differences between patients and control subjects with respect to preferred walking speed. Patients preferred walking at a significantly (p Ͻ 0.05) lower velocity (mean preferred velocity, 0.8 m/second), compared with control subjects (mean preferred velocity, 1.1 m/second), as can be observed in Figure 1 .
To verify gait automatism, the patients and control subjects walked at the preferred velocity with cognitive and visual constraints. No significant difference in mean stride times during walking under these conditions, compared with normal walking, was noted for either group, as can be observed in Figure 2 .
However, differences between the patient and control groups were observed in a compar- ison of the coefficients of variation of stride time for walking with constraints and normal walking (Fig. 3) . The step-to-step variability, expressed as the coefficient of variation, demonstrated significant increases for the patient group under the dual-task condition and under visual restriction. These differences were not observed for the control group. In addition to walking under constraints, the subjects walked at velocities higher than the preferred velocity. Again, no difference between the two groups was observed with respect to the effects of higher speeds on the mean stride times (Fig. 2) . Both groups demonstrated significant decreases in mean stride times when walking at 125 and 150 percent velocities, compared with the preferred velocity. The variability of stride time, however, significantly increased at 125 and 150 percent velocities for the patient group, compared with normal walking. In contrast, a significant decrease in the coefficient of variation was observed for the control group at 150 percent velocity, compared with walking at the preferred speed. Walking at 125 percent velocity did not demonstrate significant changes (Fig.  3) . DISCUSSION The aim of this study was to subjectively and quantitatively investigate the donor-site morbidity after fibular autografting, using a disability-oriented approach [11] [12] [13] for the quantitative assessment. The subjective donor-site morbidity, as assessed with our point evaluation system, was generally low. Only two patients demonstrated significant morbidity. Although the majority of patients experienced no significant problems, only 40 percent had no complaints at all. This finding is consistent with other reports on vascularized fibular grafting. [3] [4] [5] [6] [7] [8] [9] [10] Pain was the most frequently reported complaint in our study and was mainly described as an infrequent aching at the donor site. Besides pain, other complaints mentioned were sensory disturbances, a feeling of ankle instability, and an inability to run. Only one of 10 patients was disabled with regard to walking and recreational activities. In addition to our questionnaire, the Enneking system, 14 which is a standardized system for functional evaluation after musculoskeletal surgical procedures, was used to evaluate subjective donor-site morbidity in this study. The ratings of our point evaluation system and of the Enneking system were correlated. However, our system is adapted to functional evaluation after fibulectomy.
FIG. 2. Effects on stride time of a dual task (DT), visual restriction (VR)
, and walking at 125 percent (125%) and 150 percent (150%) of the preferred speed, compared with normal walking (N), among patients after fibula resection (n ϭ 9) (above) and control subjects (n ϭ 6) (below). Mean and standard error values are presented (*p Ͻ 0.05, **p Ͻ 0.01, Wilcoxon matched-pairs signed ranks test). No difference between patients and control subjects was observed with respect to the effects of complex conditions on the mean stride time, compared with normal walking.
FIG. 1. Preferred walking velocity of patients after fibula resection (n ϭ 9) and of healthy volunteers (control subjects) (n ϭ 6). Mean and standard error values are presented (*p Ͻ 0.05, Mann-Whitney U-Wilcoxon rank sum W test).
Our special interest was in quantifying the change in gait after fibula harvesting. This quantitative analysis demonstrated that the preferred walking speed for patients was lower than that for control subjects. Furthermore, the analysis demonstrated an increase in the coefficient of variation for stride time with complex tasks, compared with normal walking, for the patient group but not for the healthy control subjects. A disability-oriented procedure [11] [12] [13] was used for the evaluation of gait. In this procedure, gait was studied during visual and cognitive constraint exposure. Walking without visual or cognitive dependence reflects an automaticity of gait that is necessary in many daily circumstances, so that simultaneous demands can be met. Several studies demonstrated the lack of independence of motor performance during rehabilitation processes, with visual 13, 19 and cognitive 13,19 -21 loads influencing gait. We demonstrated that gait automatism is affected among patients after fibula resection. For walking during an attention-demanding task or under visual restriction, the coefficient of variation increased. Therefore, gait irregularity was present under complex task conditions. In contrast to data for patients after limbsaving surgical treatment of tumors, 13 no change in stride time during walking under constraints was observed in our study. Fibula resection, which is a less aggressive type of surgical procedure than limb-saving surgical treatment of tumors, apparently has a more subtle effect on gait.
Our analysis of subjective donor-site morbidity after fibula harvesting revealed that the majority of patients expressed minor complaints but were not limited in gait. Interestingly, our quantitative analysis demonstrated that gait was affected for all patients, even when no subjective gait limitations were reported. Obviously, patients after fibular autografting use compensatory mechanisms during daily activities to maintain adequate motor performance or do not perceive minor functional losses as abnormal. In addition, it must be noted that most patients were treated for malignancies and were prepared to sacrifice much to achieve complete tumor resection and satisfactory reconstruction. For these reasons, it was important to evaluate donor-site morbidity objectively, using an assessment procedure that reveals hidden control mechanisms. To our knowledge, a disability-oriented approach to quantification of functional loss after fibula harvesting has not been used before. The finding of diminished automatism might have implications for monitoring of rehabilitation processes after partial fibulectomy.
We also evaluated the effects of higher walking velocities on gait performance. Again, a difference in the coefficients of variation for the two groups was observed. Patients demonstrated an increase in variability, whereas control subjects exhibited a decrease in variability at higher speed, compared with normal walking. Walking at higher velocity, as a higherlevel motor performance task, apparently revealed a shortcoming of the motor system after fibula resection, similar to walking under constraints.
We are aware of the somewhat lower median age of the control subjects (54 years), compared with the median age of the patients (57 FIG. 3 . Effects on coefficient of variation of stride time of a dual task (DT), visual restriction (VR), and walking at 125 percent (125%) and 150 percent (150%) of the preferred speed, compared with normal walking (N), among patients after fibula resection (n ϭ 9) (above) and control subjects (n ϭ 6) (below). Mean and standard error values are presented (*p Ͻ 0.05, **p Ͻ 0.01, Wilcoxon matched-pairs signed ranks test). Under complex conditions, an increase in the coefficient of variation for stride time, compared with normal walking, was observed for the patient group but not the control group. years), and of the unequal numbers of patients (n ϭ 9) and control subjects (n ϭ 6) in the quantitative analysis in this study. However, because there seems to be no association between age and performance, and because our control performances closely resembled those of other studies, 13 we think that these factors are of no relevance to our study.
In conclusion, the subjective perception of donor-site morbidity is low after free vascularized fibular transfer for autoreconstruction. Minor complaints are frequently mentioned, however. Quantitative analysis revealed that fibula resection is associated with a lower preferred velocity and diminished automatism in walking, compared with healthy control subjects. These findings suggest a dependent form of mobility and are observed for walking during complex tasks and at high velocities.
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